Leptin is an adipocyte-derived peptide hormone regulating energy balance in experimental animals. Although the physiological function of leptin in humans is still unclear, its secretion is closely related to fat mass in adult humans. To examine how fetal growth correlates with leptin levels at birth, an umbilical cord venous blood sample was obtained at the delivery from 50 term newborn infants. Twenty-eight of the newborn infants had birth weights appropriate for gestational age (AGA; mean Ϯ SEM, 3362 Ϯ 90 g; relative birth weight, Ϫ0.08 Ϯ 0.2 SD), 9 were large for gestational age (birth weight, 4655 Ϯ 165 g; relative birth weight, 3.2 Ϯ 0.3 SD; P Ͻ 0.001 vs. AGA newborn infants), and 13 were small for gestational age (SGA; birth weight, 2385 Ϯ 69 g; relative birth weight, Ϫ2.2 Ϯ 0.08 SD; P Ͻ 0.001 vs. AGA newborn infants). Leptin concentrations were higher in large for gestational age (35.7 Ϯ 8.0 g/L; P Ͻ 0.005), but lower in SGA (3.3 Ϯ 0.5 g/L; P Ͻ 0.001) than in AGA infants (14.5 Ϯ 2.8 g/L). When adjusted for differences in body weight, mean leptin levels were similar in the three newborn groups. Leptin concentration correlated closely with both absolute and relative birth weights (r ϭ 0.71; P Ͻ 0.001 in both), with cord blood insulin concentration (r ϭ 0.67; P Ͻ 0.001), and with placental weight (r ϭ 0.60; P Ͻ 0.001). These data suggest that leptin is synthesized in utero, and that the circulating leptin concentration relates to the intrauterine growth pattern. (J Clin Endocrinol Metab 82: 3328 -3330, 1997) L EPTIN IS an adipocyte-derived peptide hormone that regulates energy balance in experimental animals (1, 2). Leptin levels reflect body fat content in mice (3) and humans (4, 5). The leptin concentration is associated with total energy expenditure and the level of physical activity in 5-yr-old children (6), suggesting a role for leptin in energy metabolism in man also. A majority of leptin research in humans has so far focused on adults. In a recent preliminary report, leptin was detectable in cord blood at birth, and it correlated with birth weight (7). The present study was undertaken to examine further how different intrauterine growth patterns relate to leptin secretion in utero.
L EPTIN IS an adipocyte-derived peptide hormone that
regulates energy balance in experimental animals (1, 2). Leptin levels reflect body fat content in mice (3) and humans (4, 5) . The leptin concentration is associated with total energy expenditure and the level of physical activity in 5-yr-old children (6) , suggesting a role for leptin in energy metabolism in man also. A majority of leptin research in humans has so far focused on adults. In a recent preliminary report, leptin was detectable in cord blood at birth, and it correlated with birth weight (7) . The present study was undertaken to examine further how different intrauterine growth patterns relate to leptin secretion in utero.
Subjects and Methods

Newborn infants
We studied 50 newborn infants (27 females and 23 males; gestational age, 37-42 weeks; Table 1 ). They were not consecutive, but were selected to cover a wide range of birth sizes. To minimize possible effects of labor, a majority (40 of 50) were chosen from a newborn population delivered by cesarean section. Infant size was determined by reference to a Finnish newborn population of 74,766 singletons born between 1978 -1982. Using infant birth weight, gestational age, and sex, each newborn infant's relative birth weight was expressed in sd units (8) . Twenty-eight newborn infants had birth weight appropriate for gestational age (AGA; relative birth weight below ϩ2 or above Ϫ2 sd), 9 infants were large for gestational age (LGA; relative birth weight, ϩ2 or more sd), and 13 were small for gestational age (SGA; relative birth weight, Ϫ2 or less sd). The study was approved by the ethical committee of the Department of Obstetrics and Gynecology of Helsinki University Central Hospital.
Sampling
A blood sample from the umbilical vein was obtained after double clamping of the umbilical cord at birth. An amniotic fluid sample was obtained by amniocentesis from 10 mothers within 1-8 days before delivery and from 20 mothers at the cesarean section. An amniotic fluid sample was not taken from the mothers of the SGA infants.
Measurements
Umbilical vein leptin concentrations were determined by RIA (Linco Research, St. Charles, MO) (9, 10). For measurement of amniotic fluid leptin concentrations, the same assay was slightly modified by adding bovine ␥-globulin in the precipitation reaction in the last incubation step. Free insulin concentrations were determined by RIA (Pharmacia, Uppsala, Sweden) (11) .
Statistical analysis
Wilcoxon's and Mann-Whitney U tests were used in the comparisons between paired and unpaired items, respectively. Correlation analysis was performed with Spearman's test. Comparisons among the three newborn groups were made using ANOVA and analysis of covariance followed by post-hoc test with Bonferroni's adjustment. Leptin and insulin concentrations were log transformed to normalize the distribution before ANOVA, analysis of covariance, and multiple regression analysis. All calculations were made using the Systat statistical package (Systat, Evanston, IL). The results are given as the mean Ϯ sem. P Ͻ 0.05 was considered statistically significant.
Results
Umbilical vein leptin concentrations were 146% higher in the LGA newborn infants (35.7 Ϯ 8.0 g/L; P Ͻ 0.005), but 78% lower in the SGA newborn infants (3.3 Ϯ 0.5 g/L; P Ͻ 0.001), than in the AGA newborn infants (14.5 Ϯ 2.8 g/L; Fig. 1 ). The differences in mean leptin concentrations among AGA, LGA, and SGA newborn infants vanished when leptin concentrations were adjusted for differences in the absolute (P ϭ 0.327) or relative (P ϭ 0.401) birth weight.
There was no gender difference in leptin concentrations in the whole group (16.6 Ϯ 3.8 vs. 14.1 Ϯ 3.5 g/L; P ϭ 0.357 in female and male infants, respectively) or in the three subgroups. The newborn infants were also similar with respect to absolute or relative birth weight, birth length, gestational age, placental weight, umbilical vein insulin levels, or amniotic fluid leptin concentrations (data not shown).
Cord blood leptin concentrations correlated closely with both absolute (r ϭ 0.71; P Ͻ 0.001) and relative (r ϭ 0.71; P Ͻ 0.001; Fig. 2 ) birth weights, with birth length (r ϭ 0.53; P Ͻ 0.001), with cord blood insulin concentrations (r ϭ 0.67; P Ͻ 0.001), with placental weight (r ϭ 0.60; P Ͻ 0.001), and with amniotic fluid leptin concentrations (r ϭ 0.48; P Ͻ 0.01) when all newborn infants were analyzed together. In multiple regression analysis, the correlation of leptin with insulin remained significant when relative (partial correlation, 0.37; P Ͻ 0.02) or absolute (partial correlation, 0.43; P Ͻ 0.003) birth weights were accounted for.
Leptin concentrations in amniotic fluid were higher in LGA than in AGA newborns (4.8 Ϯ 0.7 vs. 3.1 Ϯ 0.5 g/L; P Ͻ 0.03) and in 14% and 21% of the serum concentrations, respectively (P Ͻ 0.001). The mean fetal serum/amniotic fluid ratio of leptin concentrations was similar in the LGA (8:1) and AGA newborns (7:1).
Discussion
Our data indicate that fetal leptin concentrations are similar to those in adults (4, 10) , and suggest that leptin synthesis occurs in utero. In addition, the high leptin levels in LGA and the low concentrations in SGA infants are possibly due to greater fat mass in LGA and lower fat mass in SGA infants (12) . The strong correlation between leptin concentration and birth weight probably reflects the close relationship between birth weight and body fat mass in newborn infants (13) .
As in cross-sectional studies in adult subjects (4, 10, 14) , a close positive correlation between circulating leptin and insulin concentrations was observed in newborns in the present study. This was independent of birth weight, which suggests a direct contribution of insulin to leptin secretion.
In adult humans, circulating leptin concentrations increase slightly during prolonged supraphysiological hyperinsulinemia (15) .
There is a gender difference in adults, with females having higher concentrations of circulating leptin than males (5, 14) . This has not been detected in all studies (4, 10), perhaps because leptin levels were adjusted for percent body fat, a bounded number, instead of total fat mass. The gender difference in leptin concentrations has also been demonstrated in prepubertal children (16) . We detected no gender difference in leptin concentrations in the newborn infants. Moreover, at birth there is no gender difference in concentrations of PRL, estriol, or dehydroepiandrosterone sulfate (17) , suggesting that at birth there are few, if any, hormonal gender differences in humans.
Kidneys account for 81% of the total leptin removal from the blood in the rat (18) , and amniotic fluid is mainly produced by fetal kidneys during the latter half of pregnancy. The amniotic fluid leptin concentrations in our study were of the same magnitude as those recently reported (7) and were slightly higher in LGA than AGA newborns. The serum to amniotic fluid leptin concentration ratio was similar in the LGA and AGA infants. These data suggest that fetal kidneys secrete leptin into the amniotic fluid in proportion to the prevailing serum levels.
In conclusion, leptin secretion probably occurs in utero. The strong correlation between body weight and leptin concentration at term suggests that adipose tissue mass is a major determinant of leptin secretion in utero.
